Twelve 2,5-dimethyl-3-thienyl chalcones [E-1-(2,5-dimethyl-3-thienyl)-3-(substituted phenyl)-2-propen-1-ones] have been synthesized by Claisen-Schmidt condensation of 3-acetyl-2,5dimethyl furon and substituted benzaldehydes. Yields of the chalcones are more than 80%. These chalcones were characterized by their physical constants and spectral data. The group frequencies of infrared m(cm À1 ) of CO s-cis and s-trans, CH in-plane and out of plane, CH‚CH out of plane, >C‚C< out of plane modes, NMR chemical shifts d(ppm) of H a , H b , CO, C a and C b of these chalcones were correlated with Hammett substituent constants, F and R parameters using single and multi-regression analyses. From the results of statistical analyses, the effects of substituents on the group frequencies are explained. Antibacterial, antifungal, antioxidant and insect antifeedant activities of these chalcones have been studied. ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction
The QSAR, QPR and QSR of the organic substrates have been studied from the spectral data associated with their molecular equilibration (Thirunarayanan, 2007a,b) . The Hammett corre-lations of spectral data of organic compounds are useful for the prediction of their structure, stereo-chemical and physicochemical properties (Ranganathan et al., 2011; Mulliken, 1939) . The vibrational stretches of carbonyl groups gave two molecular conformers in unsaturated ketones such as s-cis and s-trans isomers. The s-cis carbonyl group stretches are higher than those of the s-trans carbonyl group. Based on this, the structure of molecular equilibration can be predicted in geometrical isomers, keto-enol tautomers in unsaturated carbonyl compounds (Thirunarayanan 2008a; Thirunarayanan and Ananthakrishna Nadar, 2002) , alkenes, alkynes, styrenes, nitro-styrenes and naphthacyl ketones and their esters . Nuclear magnetic resonance spectroscopy provides the information about the number of protons present in the molecules and their categories either E-or Z in the above molecules. These categories of protons can be identified in the organic molecules, based on their coupling constants. If the molecules possess any substituent in the aromatic ring, corresponding absorption frequencies in IR and the chemical shift in NMR vary from ketone to ketone depending upon the type of substituents whether they are electron donating or electron withdrawing in nature. From these data the effect of substituents can be studied on the particular functional group of the molecule by means of regression analyses (Thirunarayanan and Ananthakrishna Nadar, 2006a,b) . Further these data are employed for the study of transition state reaction mechanism (Dass, 2001) . structure activity of biological potentials (Deiva et al., 1998) , normal coordinate analysis (Sharma et al., 2002; Krishnakumar and Ramasamy, 2002) , theoretical study of long range interactions in the beta sheet structures of oligo peptides (Horvath et al., 2005) , enone-dienol tautomerism (Wang et al., 2005) , density functional theory (Senthilkumar et al., 2006) , rotational barriers in selenomides (Kaur et al., 2006) and gas phase reactivity of alkyl sulphides (Izadyar and Gholami 2006) . The out of plane and in-plane deformation frequencies in fingerprint regions also used for QSAR and QPR studies (Vanangamudi and Thiruna-rayanan, 2006) . Generally chalcones possess various multipronged activities (Thirunarayanan, 2008b; Thirunarayanan et al., 2010) such as anticancer, antimicrobial (Sivakumar et al., 2007; Lahtchev, 2008) , antioxidant (Weber et al., 2005) , antiviral (Parmer et al., 1996) , anti-aids (Deng et al., 2007) , insect antifeedant (Thirunarayanan 2008b; Thirunarayanan et al., 2010) , antimalarial (Dominguez et al., 2005) , anti-plasmodial (Arulkumaran et al., 2008) , and agrochemicals and drugs (Mirinda et al., 2000; Nowakowska, 2007; Majinda et al., 2001; Sitaram Kumar et al., 2007) . These potential compounds are also applied in the study of structure activity relationships (Sung and Ananthakrishna Nadar, 2000) . From a thorough literature survey it is observed that there is no report on the effect of substituents-QSAR or QPR study with these compounds, in the past. Therefore the authors have taken effort to synthesise some substituted styryl 2,5-methyl-3-thienyl ketones and study the correlation analysis with their IR and NMR data and their antimicrobial, antioxidant and insect antifeedant activities. (see Scheme 1)
Experimental
All chemicals used were procured from the Sigma-Aldrich and E-Merck chemical companies. Melting points of all chalcones Scheme 1 Synthesis of substituted styryl 2,5-dimethyl-3-thienyl ketones. 227, 213, 165, 139, 137, 131, 111, 103, 97, 82, 77, 55 (323) 261, 246, 241, 227, 165, 152,139, 137,124, 111, 103, 82, 77, 55, 35, 15 (122-124) 245, 241, 231, 165, 152, 149, 139, 121, 111, 108, 95, 55, 47, 19, 6 2 243, 241, 139, 147, 119, 113, 99, 95, 18, 15 (145-146) 243, 241, 229, 165, 152, 147, 139, 119, 111, 106, 93, 77, 53, 17 257, 243, 241, 165, 161, 152, 139, 133, 120, 111, 107, 82, 77, 31, 15 (91-92) 241, 227, 213, 165, 152, 139, 131, 111, 103, 91, 90, 82, 15 11 3-NO 2 C 15 H 13 NO 3 S 287 84 132-133 287[M + ], 272, 258, 241, 176, 139, 127, 111, 71, 27, 15 12 4-NO 2 C 15 H 13 NO 3 S 287 84 210-211 287[M + ], 272, 258, 241, 176, 165, 152, 148, 139, 122, 111, 82, 77, 45, 27, 14. a Dhar and Gupta, 1971. b Hassan et al., 2006. c Asiri et al., 2010a,b. Synthesis, spectral linearity, antimicrobial, antioxidant and insect antifeedant activities S1255
have been determined in open glass capillaries on Mettler FP51 melting point apparatus and are uncorrected. Infrared spectra (KBr, 4000-400 cm À1 ) have been recorded on AVATAR-300 Fourier transform spectrophotometer. The nuclear magnetic resonance spectra are recorded in INSTRUM AV300 NMR spectrometer operating at 300 MHz which has been utilized for recording 1 H spectra and 75.46 MHz for 13 C spectra in CDCl 3 solvent using TMS as the internal standard. Electron impact (EI) (70 eV) and chemical ionization mode FAB + mass spectra have been recorded with a JEOL JMS600H spectrometer.
Synthesis of substituted styryl 2,5-dimethyl-3-thienyl ketones
An appropriate equimolar quantity of 3-acetyl-2,5-methylthiophene (0.01 mol), various substituted benzaldehydes (0.01 mol), 0.5 g of potassium hydroxide and 20 ml of ethanol were warmed in a 50 ml corning conical flask and shaken occasionally (Nayak et al., 1964) . The obtained solid was filtered at the pump, washed with cold water and crystallized from ethanol to afford the respective chalcones as a glittering pale yellow solid. The synthesized chalcones are characterized by their physical constants, IR, 1 H and 13 C NMR and Mass spectral data. Analytical and Mass spectral data are presented in Table 1 . Infrared spectral data are given in Table 2 . The 1 H chemical shifts (ppm) dH a , dH b , 13 C chemical shifts (ppm) of dCO, dC a and dC b of ketones are presented in Table 3 .
Results and discussion

Infrared spectral study
In the present study, the synthesized substituted styryl 2,5-dimethyl-3-thienyl ketones exist as s-cis and s-trans conformers. These conformers are confirmed by the carbonyl group doublets obtained in the range of 1600-1700 cm À1 . They are shown in (Fig. 1.) and the corresponding carbonyl frequencies (cm À1 ) of the conformers are presented in Table 2 . The s-cis conformers absorb at higher vibrational frequencies than strans conformers. Generally carbonyl doublets are obtained at lower absorption frequencies for the electron donating substituents in the chalcones whereas the electron withdrawing substituents absorb their doublets at higher frequencies in both the conformers. In this present study also, the same trend was observed. These frequencies are correlated with various Hammett r constants and Swain-Lupton's parameters (Swain and Lupton, 1968 ) by single and multi linear regression analysis. While seeking Hammett correlation involving group frequencies, the form of the Hammett equation employed is
where m 0 is the frequency for the parent member of the series.
The results of single parameter statistical analyses of carbonyl frequencies with substituent constants are presented in Table 4 . From Table 4 , the stretching frequencies of both the conformers show no correlation with Hammett sigma constants and F and R parameters. This is due to the incapability of the substituents to transmit their effect from the phenyl ring to the thienyl ring across four or more carbon atoms as per the conjugative structure ( Fig. 2 ). Both carbonyl frequencies show positive q values in the correlation. This means that there is normal substituent effect operating in all ketones.
The study of substituent effects on the deformation modes of CH op/ip , CH‚CH and C‚C op of vinyl parts of substituted styryl 2,5-dimethyl-3-thienyl ketones has been done based on the work of Thirunarayanan and Jaishankar (2003) . The larger value of deformation mode frequency for the system is due to the low mobility of electrons between the >C‚C< and the -CH‚CH-frame work. The observed -CH out of plane, -CH in-plane and -CH‚CHout of plane frequencies in the present study are given in Table 2 . All the deformation modes of stretching frequencies of substituted styryl 2,5-dimethyl-3-thienyl ketones have been correlated with different substituent constants according to John Shorter (1973) . The results of statistical analysis are shown in Table 4 .
From Table 4 , the regression analysis of CH ip modes with Hammett r, r + , r R constants and F and R parameters produced no correlation. The inductive effects of the substituents failed in the correlation. A satisfactory correlation has been Table 3 The NMR chemical shifts (ppm) of dH a , dH b , dCO, dC a , dC b and ring carbons of 2,5-dimethyl-3-thienyl ketones. Synthesis, spectral linearity, antimicrobial, antioxidant and insect antifeedant activities S1257 observed for CH op modes with Hammett r, r + constants and F and R parameters except for 2-Cl, 4-F and 2-OH substituents. When these constants are included in the regression, the correlation decreases considerably. This is due to the reason stated earlier with the conjugative structure as in Fig. 2 . The ability of transmission of electronic effects of the substituents on CH op is higher than that of CH ip modes.
Some of the single parameter correlations failed with the infrared frequencies CO s-cis , CH ip , CH op , CH‚CH op and C‚C op with Hammett sigma constants and F and R parameters. While seeking the multi-regression analysis, satisfactorily correlations are obtained for these stretches with Swain-Lupton and F and R parameters (Swain and Lupton, 1968) . The correlated multi regression equations are given in Eqs.
(2)-(13). 
1 H Spectral study
The 1 H NMR spectra of twelve 2,5-dimethyl-3-thienyl chalcones under investigation are recorded in deuterated dimethyl sulphoxide employing tetramethylsilane (TMS) as the internal standard. The signals of the ethylenic protons were assigned. They are confirmed as AB or AA 0 BB 0 systems, respectively (Laturber, 1961; Solconiova and Toma, 1980; Solconiova et al., 1976) . The chemical shifts of H a are at higher field than those of H b in this series of ketones. The ethylenic protons give an AB pattern and the b-proton doublet in most cases is well separated from the signals of the aromatic protons. The assigned chemical shifts of the ethylenic protons are presented in Table 3 .
In nuclear magnetic resonance spectra, the proton chemical shifts d(ppm) depend on the electronic environment of the nuclei concerned. These shifts can be correlated with reactivity parameters. Thus the Hammett equation may be used in the form as
where d 0 is the chemical shift in the corresponding parent compound.
The assigned 1 H NMR chemical shifts (ppm) of dH a and dH b of substituted styryl 2,5-dimethyl-3-thienyl ketones are presented in Table 3 . These chemical shifts are correlated with Hammett substituent constants and F and R parameters. The results of statistical analyses of these chemical shifts (ppm) are shown in Table 5 . From the Table 5 , Hammett r + , r I , r R and F and R parameters gave satisfactory correlations with H a chemical shifts except for H, 4-F, 2-OH, 2-OCH 3 and 4-CH 3 substituents. All correlations gave positive q values. This shows that the normal substituent effects operate in all ketones. Hammett r + constant only produces satisfactory correlation only with H b chemical shifts (ppm) of these ketones. Inductive, resonance and field effects failed in correlations. This is due to the incapability of predicting the substituent effects on the vinyl protons by the substituents along with the conjugative structure as in Fig. 2 . The degree of transmission of substituent effects on H a is higher than H b chemical shifts.
Some of the single parameter correlations failed with the 1 H NMR of dH a and dH b chemical shifts with Hammett sigma constants and F and R parameters. While seeking the multi regression analysis of these frequencies, satisfactory correlations were obtained with Swain-Lupton, F and R parameters (Swain and Lupton, 1968) . The correlated multi regression equations are, (Eqs. (15)-(18))
13 C NMR spectral study
The assigned carbonyl carbon chemical shifts (ppm) of dCO, dC a and dC b of substituted styryl 2,5-dimethyl-3-thienyl ketones are presented in Table 3 and these chemical shifts are correlated with Hammett sigma constants and F and R parameters. The results of statistical analysis are shown in Figure 2 Resonance conjugative structure. Synthesis, spectral linearity, antimicrobial, antioxidant and insect antifeedant activities producing positive q values except for 4-OH and 3-NO 2 substituents. This shows that the normal substituent effects operate in all ketones. The inductive and field effects failed in correlation. This is due to the incapability of substituents predicting their reactivity on carbonyl carbons along with the conjugated structure given in Fig. 2 .
The assigned chemical shifts(ppm) of C a and C b vinyl carbons in substituted styryl 2,5-dimethyl-3-thienyl ketones were correlated with Hammett sigma constants and F and R parameters. The C a chemical shifts correlated satisfactorily with Hammett sigma constants and R parameters except for 2-OH, 3-OH, 4-CH 3 , 3-NO 2 and 4-NO 2 substituents by showing positive q values. This shows that the normal substituent effects operate in all ketones. The field effects of the substituents failed in correlation. This is due to the reason stated earlier and is associated with the conjugated structure as shown in Fig. 2 .
The C b chemical shifts(ppm) of substituted styryl 2,5-dimethyl-3-thienyl ketones were correlated with Hammett sigma constants and F and R parameters except for 2-OH substituent, showing negative q values. This shows that the reversal substituent effects operate in all ketones.
Single parameter correlations fails with the 13 C NMR of dC a and dC b chemical shifts(ppm) with Hammett sigma constants and F and R parameters. While seeking the multi-regression analysis of these frequencies, there are satisfactory correlations obtained with Swain-Lupton, F and R parameters (Swain and Lupton, 1968) . The correlated multi regression equations are in Eqs. (19)-(24). 
Microbial activities
Chalcones possess a wide range of biological activities such as antibacterial, antifungal (Sivakumar et al., 2007; Lahtchev, 2008 ), antiviral (Parmer et al., 1996 , antifeedant (Thirunarayanan 2008b; Thirunarayanan et al., 2010) , anticancer (Sivakumar et al., 2007; Lahtchev, 2008 ), antimalarial (Dominguez et al., 2005 , antituberculosis (Weber et al., 2005) , antiAIDS (Deng et al., 2007) and antioxidant (Weber et al., 2005) activities. These multipronged activities present in different chalcones are examined against bacteria, fungi, and insects. 
Collection of microorganisms
Innoculum preparation
The nutrient broth was procured from Himedia, Mumbai. The nutrient broth was prepared by weighing 1.3 g, of the broth and dissolved in 100 ml of sterile distilled water. The flask was swirled gently while adding the nutrient broth and the pH of the medium was adjusted to 7.0. The Erlenmayer flask was plugged with non-adsorbent cotton and sterilized in an autoclave at 121°C and 15 lbs/inc 2 pressure for 15 min. After cooling inside a laminar flow, a loopful of fresh bacterial sample was inoculated and incubated in an orbital shaker at 37°C for 24 h. Then the cultures were diluted 1:50 with sterile physiological saline and 0.5 ml of the innoculum was used for the preparation of the spread plate. The same procedure has been adopted for all test bacterial samples.
Preparation of agar slants
Nutrients agar medium was prepared and sterilized in an autoclave at 121°C and 15 lbs/inc 2 pressure for 15 min. After sterilization the medium was dispensed into the test tubes. The test tubes were kept in the slanting position on a support. After complete solidification of the medium, streaking of the microorganism was done in the slant area using a sterile inoculation loop. After the streaking process, the test tubes were incubated at 37°C for 24 h. After good growth, the slants have been stored in a deep freezer (2°C) for further studies.
Preparation of Mueller Hinton agar plates
The Mueller Hinton agar of weight 38 g was dissolved in 1000 ml of sterile distilled water. The pH of the medium was adjusted to 7.0. The flask was plugged with cotton and sterilized at 121°C and 15 lbs/inc 2 pressure for 15 min. After sterilization, the medium was cooled to 45-47°C, poured 15 ml of it on each sterile Petri-plate and allowed to solidify.
Preparation of test compound
The newly synthesized 2,5-dimethyl-3-thienyl chalcones of weight 15 mg each were dissolved in 1 ml of DMSO solvent.
Using 100 lml solution, the discs were impregnated and placed on the Mueller Hinton solidified Agar medium to find out the antimicrobial activity of the compounds on each organism. By adopting the above procedure, the antimicrobial activity of the chalcones has been studied on six microorganisms and the results have been discussed.
Antibacterial sensitivity assay
Antibacterial sensitivity assay was performed using Kirby-Bauer (Bauer et al., 1966) Figure 3 Antibacterial activities of substituted styryl 2,5-dimethyl-3-thienyl ketones-zone of inhibitions petri dishes.
Synthesis, spectral linearity, antimicrobial, antioxidant and insect antifeedant activities uniformly over the solidified Mueller Hinton agar using a sterile glass spreader. Then the discs with 5 mm diameter made up of Whatman No.1 filter paper, impregnated with the solution of the compound were placed on the medium using sterile forceps. The plates were incubated for 24 h at 37°C by keeping the plates upside down to prevent the collection of water droplets over the medium. After 24 h, the plates were visually examined and the diameter values of the zone of inhibition were measured. Triplicate results were recorded by repeating the same procedure.
The satisfactory antibacterial effect of synthesized chalcones is shown in (Fig. 3.) (Plates 1-12) . The zone of inhibition is compared using Table 6 and the Clustered column Chart is shown in (Fig. 4) . From the chart, it is inferred that the chalcone with -OCH 3 , -CH 3 and -NO 2 at the 3rd position have excellent and improved antibacterial activity against the all the six microorganisms. This series showed very good activities against S. aureus, E. coli and P. aeruginosa.
3.4.7. Antifungal activity 3.4.7.1. Preparation of the potato dextrose agar medium. PDA agar medium was prepared in a conical flask by dissolving 3.9 g of the agar in 100 ml distilled water. It was sterilized in the autoclave for 15 min. at 121°C and 15 lbs/inch 2 pressure. Then the medium was allowed for solidification for an hour. After that the fungal species was inoculated in the medium and kept for 5-7 days at room temperature.
3.4.7.2. Preparation of the fungal inoculum. About 20-25 ml of sterile water (after cooling) was mixed with the medium. The water over the medium was swirled and decanted with the fungal species. Tweeen-80(1-2 ml) has been added with this solution for uniform growth.
3.4.7.3. Antifungal sensitivity assay. Antifungal sensitivity assay was performed using Kirby-Bauer (Bauer et al., 1966) disc diffusion technique. PDA medium was prepared and sterilized as above. It was poured (ear bearing hot condition) on the Figure 4 Antibacterial activities of substituted styryl 2,5-dimethyl-3-thienyl ketones-zone of inhibitions chart.
Petri-plate which was already filled with 1 ml of the fungal species. The plate was rotated clockwise and counter clock-wise for uniform spreading of the species. The discs were impregnated with the test solution. The test solution was prepared by dissolving 15 mg of the chalcone in 1 ml of DMSO solvent. The medium was allowed to solidify and kept for 24 h. Then the plates were visually examined and the diameter values of the zone of inhibition were measured. Triplicate results were recorded by repeating the same procedure. The antifungal activities of substituted chalcones synthesized in the present study are shown in (Fig. 5 ). for plates (1-6) and the zone of inhibition values of the effect are given in Table 7 . The clustered column chart, shown in (Fig. 6) . With the analysis of the clustered column chart, by comparing the antifungal activity of this series, the substituents like 3-Cl, 2-OH and 4-Me, showed considerable antifungal activity. The substituents like 3-Cl, 2-OH, 4-OH and 4-NO 2 groups showed excellent antifungal activity on M. spp.
Antioxidant activity
All synthesized 2,5-dimethyl-3-thienyl chalcones possess significant biological activities. The basic skeleton of enones, present widely in natural products are known to have multi-pronged activity (Thirunarayanan 2008b; Thirunarayanan et al., 2010; Sivakumar et al., 2007; Lahtchev, 2008; Weber et al., 2005) .
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Figure 5 Antifungal activities of 2,5-dimethyl-3-thienyl chalcones Petri-dishes. Presence of polar functional groups, hydrophobic moiety and the absence of steric hindrance near the aryl ring are the important factors for the presence of biological activities of chalcones and their derivatives. In this present study it is observed that only two of the synthesized chalacones have fair antioxidant activity.
3.4.8.1. Measurement of antioxidant activity of 2,5-dimethyl-3thienyl chalcones. Antioxidant activities of all synthesized 2,5dimethyl-3-thienyl chalcones have been evaluated by the DPPH radical scavenging effect (Jayasinghe et al., 2006) . 0.1 M acetate was prepared by dissolving 1.64 g of sodium acetate in 15 mL of water and 150 lL of acetic acid. The final volume was adjusted to 20 mL by adding water. The 0.2 mmol of DPPH solution was prepared by dissolving 3.9 g of DPPH in 50 mL of ethanol. µ-Tocoferol (1 mg in 10 mL of ethanol) solution was prepared. A series of test tubes were arranged with 1.0 mL of buffer solution mixed with 0.5 mL of DPPH solution. A series of various concentrations of synthesized chalcones and µ-Tocoferol (1 lg in 1 mL of ethanol) were added to each tube and mixed well. After 30 min at RT the absorbance of each solution is measured by UV-Vis spectro-photometer at 517 nm. A mixture of buffer solution and ethanol were used as the reference for the spectrophotometer. A graph was plotted with the weight of the compound versus absorptions and IC 50 values were determined. The antioxidant activity was expressed in terms of IC 50 (lg/mL, concentration required to inhibit DPPH radical formation by 50%). µ-Tocoferol was used as a positive control. From this experiment the chalcones 6-9 were found to have a satisfactory antioxidant activity.
Insect antifeedant activity
The multipronged activities present in different chalcones are intended to examine their insect antifeedant activities against castor semilooper. The larvae of Achoea Janata L were reared as described on the leaves of caster Riclnus communls in the laboratory at the temperature range of 26 ± 1°C and a relative humidity of 75-85%. The leaf -disc bioassay method (Dasharathi et al., 2005; Dethler's, 1947) was used against the 4th instar larvae to measure the antifeedant activity. The 4th instar larvae were selected for testing because the larvae at this stage feed very voraciously.
Figure 6
Antifungal activities of 2,5-dimethyl-3-thienyl ketones-zone of inhibition clustered chart. 4-OH 2 0 1 0 1 0 1 0 0 5 9 2-OCH 3 1 0.5 0.5 1 1 0 1 1 1 9 10 4-CH 3 0.5 0.5 0.5 2 2 1 1 1 1 9 11 3-NO 2 2 3 3 1 1 1 0.5 1 0 12 12 4-NO 2 1 2 2 2 1 0.5 0.5 1 0 10
Number of leaf discs consumed by the insect (values are mean + SE of five). S1264 G. Vanangamudi et al.
3.4.9.1. Measurement of insect antifeedant activity of 2,5dimethyl-3-thienyl chalcones. Leaf discs with a diameter of 1.85 cm were punched from castor leaves with the petioles intact. All chalcones were dissolved in acetone at a concentration of 200 ppm dipped for 5 min. The leaf discs were air-dried and placed in a one litre beaker containing little water in order to facilitate translocation of water. Therefore the leaf discs remains fresh throughout the duration of the rest, 4th instar larvae of the test insect, which had been preserved on the leaf discs of all chalcones and allowed to feed on them for 24 h. The areas of the leaf discs consumed were measured by the Dethler's (Dethler's, 1947) method. The observed antifeedant activity of chalcones was presented in Table 8 . The results of the antifeedant activity of keto chalcones presented in Table 8 reveal that the compounds 2-5 are found to reflect remarkable antifeedant activity among all other chalcones. This test is performed with the insects which took only two-leaf discs soaked under the solution of this compound (Thirunarayanan 2008b; Thirunarayanan et al., 2010) . Compounds 3-5 also showed enough antifeedant activity but their activities are lesser than 4. Further, compound 4 was subjected to measure the antifeedant activity at different concentrations of 50, 100, 150 ppm and the observation reveals that as the concentrations decrease, the activity also decreases. From the results in Table 9 , it is observed that the chalcone 4 showed an appreciable antifeedant activity at 200 ppm concentration. Table 9 Insect antifeedant activity of compound 4 (2E)-1-(2,5-dimethyl-3-thienyl)-3-(4-chlorophenyl)-2-propen-1-one at four different concentrations -number of leaf discs consumed by the insect (values are mean + SE of five). Synthesis, spectral linearity, antimicrobial, antioxidant and insect antifeedant activities S1265
